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(57) ABSTRACT

An apparatus (1) for switching real-time media streams of
one or multiple sources (Q,, Q,, Q;) to one or multiple sinks
(S,, S5, S;) includes one or multiple source ports (QA |, QA,,
QA,;) for connecting of the one or multiple sources (Q,, Q,,
Q;) as well as one or multiple sink ports (SA;, SA,, SA;) for
connecting of the one or multiple sinks (S;, S,, S;). The
apparatus (1) is adapted to provide a switching sink (Sg) and
to switch it to a real-time media stream of a first source (Q, ).
The switching sink (Sg) is adapted to receive the real-time
media stream of the first source (Q,) in a packet-switched
format and to forward the received real-time media stream in
a packet-switched format, wherein the packets are provided
with a first multi-point destination address (IPMZ) allocated
to the switching sink (S;) during forwarding in order to allow
for a connecting of the one or multiple sinks (S,) with the
real-time media stream of the first source (Q,) forwarded by
the switching sink (Sg). The switching sink (S;) represents the
source of the real-time media stream forwarded by the switch-
ing sink (Sg) from the “point of view” of the sinks (S, S,, S;)
connected to the apparatus, with which the sinks (S|, S,, S;)
can connect through the multi-point destination address (IP-
MZ).
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APPARATUS AND METHOD FOR
SWITCHING REAL-TIME MEDIA STREAMS

DESCRIPTION BACKGROUND OF THE
INVENTION

1. Field of the Invention

The invention relates to an apparatus and a method for
switching real-time media streams from one or multiple
sources to one or multiple sinks. Furthermore, the invention
relates to a corresponding computer program.

2. Present State of the Art

In the area of professional TV studios it is common to
connect sources of real-time media flows, e.g. TV cameras
producing real-time video streams, and corresponding sinks,
e.g. suitable studio monitors or digital editing suites, by a
serial, digital interface, which is called “Serial Digital Inter-
face (SDI)” in English. The SDI-interface allows for a trans-
mission of uncompressed, unencrypted digital video streams
(and optionally of embedded time code streams and/or audio
streams) through coaxial cables or optical wave guides and
comprises a whole family of standards specified by the
SMPTE (English “Society of Motion Pictures and Television
Engineers”) for different video formats and bit rates respec-
tively. Thus, the standard SMPTE 259M (English “Standard
Definition”), also known as SD-SDI, defines for example the
digital transmission of PAL video signals (English “Phase
Alternating Line”) in the 5761 format (English “interlaced”)
with a bit rate of 270 Mbit/s and the standard SMPTE 344M
(English “Enhanced Definition”), also known as ED-SDI,
allows for a digital transmission of PAL video signals in the
576p format (English “progressive’) with a bit rate of 540
Mbit/s. For high-resolution HDTV applications (English
“High Definition Television”) the standard SMPTE 292M,
also known as HD SDI allows for a digital transmission of
video signals in the 720p or 10801 format with bit rates of
1.485 Gbit/s and 1.485/1.001 Gbit/s. For even bigger video
formats, e.g. in the area of digital cinema or 3D-cinema,
suitable standards with correspondingly even higher bit rates
are available as well. Examples therefor are the standard
SMPTE 372M, also known as Dual-Link HD-SDI, and the
standard SMPTE 424M (English “Third Generation™), also
termed 3G-SDI.

In order to switch real-time media streams between sources
and sinks so-called SDI crossbars are generally used in tele-
vision studio studio engineering. These devices feature
source and sink ports for digital video streams for different
SDI formats, e.g. SD-SDI, HD-SDI and 3G-SDI, depending
on their equipment components, and allow for a transparent
switching of the sinks to the sources, i.e. it is ensured that
switching occurs between two chronologically sequent
access units, i.e., for instance between two chronologically to
subsequent frames with digital video streams. The switching
operation occurs for this chronologically predetermined
switching points or within predetermined switching ranges
respectively, which are defined within the directive SMPTE
RP168 (English title “Definition of Vertical Interval Switch-
ing Point for Synchronous Video Switching”) for video
streams in the SDI format, for example.

However, the transmission of real-time media streams by
the SDI interface and the switching by means of correspon-
dent SDI crossbars in the television studio has the disadvan-
tage that the studio technology necessary for this is expensive
and the maximum cable length of the coaxial cables generally
used for the transmission is limited. Therefore, it is desirable
for the future not least because of economical aspects to
change the serial, digital infra structure used in the television

10

15

20

25

30

35

40

45

50

55

60

65

2

studios to a packet-switched infrastructure, i.e., e.g. IP-based
(English “Internet Protocol™), as it is already widely used in
recent computer network technology. Such a packet-based
solution could be cheaper in the long run than the “special”
solution used in studios now, and it could be used for trans-
mission of other formats, e.g. compressed video formats such
as JPEG200 or container formats such as MXF (English
“Material eXchange Format™) in addition to the transmission
of digital video streams in the SDI format. Furthermore, the
integration of software-based image processing and corre-
sponding storage media would be easier as well within a
packet-switched infrastructure.

While there are already existing solutions for the transmis-
sion of real-time media streams by IP-based networks with
the SMPTE 2022 standard family and the standard SMPTE
2022-6 (English title “High Bit Rate Media Transport over IP
Networks” (HBRMT)) in particular allows for the transmis-
sion of digital video streams provided in the SDI format by
IP-based networks (also called “SDI over IP”), so far there is
a lack of suitable solutions for switching such signals trans-
parently, i.e. between two chronologically sequent access
units, in a “packet-switched world”.

SUMMARY OF THE INVENTION

Itis therefore a task of the invention to provide an apparatus
and a method for switching real-time media streams from one
or multiple sources to one or multiple sinks which allow for a
transparent switching of the real-time media streams in a
“packet-switched world”, e.g. an IP-based network.

According to an aspect of the present invention an appara-
tus for switching of real-time media streams from one or
multiple sources to one or multiple sinks is provided, wherein
the apparatus comprises:

one or multiple source ports for connecting the one or

multiple sources,

one or multiple sink ports for connecting the one or mul-

tiple sinks,

wherein the apparatus is adapted so as to provide a
switching sink and to switch it to a real-time media
stream from a first source,

wherein the switching sink is adapted so as to receive the
real-time media stream of the first source in a packet-
switched format and to forward the received real-time
media stream in a packet-switched format, wherein
the packets are provided with a first multi-point des-
tination address allocated to the switching sink during
forwarding, in order to allow for a connecting of the
one or multiple sinks with the real-time media stream
of the first source forwarded by the switching sink.

By adapting the apparatus so as to provide a switching sink
and to switch it to a real-time media stream of a first source,
e.g. atelevision camera, and by adapting the switching sink so
as to receive the real-time media stream from the first source
in a packet-switched format, e.g. an IP-based format, and so
as to forward the received real-time media stream in a packet-
switched format, wherein the packets are provided with a first
multi-point destination address allocated to the switching
sink, the switching sink constitutes from the “point of view”
of the sinks connected to the apparatus, e.g. suitable studio
monitors or digital editing suites in an IP-based network the
source of the real-time media stream forwarded by the switch-
ing sink, with which the sinks can connect through the multi-
point destination address. Since this switching sink/source is
provided switchable as an element or port of the apparatus
respectively, a transparent switching process can be imple-
mented in the apparatus. In other words: Providing an addi-
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tional “level” of the switching sink by the apparatus allows for
a transparent switching of real-time media streams to be
realized. Therefore the non-real-time joining to multi-point
destination groups can be regarded as statistic configuration,
which corresponds to the cabling when using coaxial cables,
but nevertheless does not require any physical access. The
actual switching process can then be accomplished without
participation of the source or sink in the “switching sink” and
can be controlled e.g. by SNMP (English “Simple Network
Management Protocol”) or by a web interface.

In the description and the claims the term “switching sink”
is to be understood abstractly as an element or port of the
apparatus respectively, in which the apparatus completely or
partly realizes the switching logic for switching the real-time
media streams.

It is preferred that the apparatus is further adapted so as to
switch the switching sink from a real-time media stream of
the first source to a real-time media stream of a second source
so that the real-time media stream of the second source ist
received by the switching sink.

Furthermore, it is preferred that the apparatus further com-
prises a buffer and is adapted so as to buffer the data of the
real-time media stream of the first source and/or data of the
real-time media stream of the second source in the buffer
while the switching of the switching sink from the real-time
media stream of the first source to the real-time media stream
of the second source. Such buffering, i.e. buffering, of real-
time media data in the buffer during the switching process
will generally be necessary due to the not given synchronicity
in packet-switched networks and possibly to the phase shift-
ing between the two real-time media streams.

It is preferred that the apparatus is furthermore adapted so
as to terminate during the switching of the switching sink
from the real-time media stream of the first source to the
real-time media stream of the second source the forwarding of
the real-time media stream of'the first source by the switching
sink at a first switching point pre-determined for this real-
time media stream or within a first switching range pre-set for
this real-time media stream, and to initiate the forwarding of
the real-time media stream of the second source by the
switching sink at a second switching point predetermined for
this real time media stream or within a second switching
range predetermined for this real time media stream. The
switching points or switching ranges respectively are prefer-
ably located between to chronologically sequent access units,
ie., e.g. for video streams between two chronologically
sequent frames, so that a transparent switching is ensured. For
digital video streams in the “SDI over IP” format suitable
switching points or switching ranges respectively are defined,
e.g. in the above mentioned directive SMPTE RP 168.

Furthermore it is preferred that the first and/or the second
switching point or the first and/or the second switching range
are dependent on a media format of the respective real-time
media stream. Furthermore it is preferred that the apparatus is
further adapted so as to identify the media format of the
respective real-time media stream based on the identification
data in the real-time media stream. Such identification data,
e.g. the “Video Payload Identifier” (VPID) (see below) com-
prised in the “SDI over IP” format, allow for a easy identifi-
cation of the media format (e.g. SDI format 720p@ 1.485
Gbit/s) of a real-time media stream and therefore allow for a
correct and transparent switching at a switching point prede-
termined for this media format or within a predetermined
switching range respectively pre-determined for this media
format. For a switching range it is preferred to switch between
to packets in case the packet boundaries are located within the
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switching range. If this is not possible, it has to be switched
within one packet between the old and the new source.

It is further preferred that the apparatus is further adapted
so as to be extendable by input of switching rules which
define the switching point or the switching range for a real-
time media stream. This allows for real-time media streams
with media formats that are so far not supported by apparatus
1, to be processed.

Itis preferred that at least one source port is adapted so that
one source which is trans-mitting a real-time media stream in
the packet-switched format, is connectable to it. Furthermore
it is preferred that at least one sink port is adapted so that one
sink, which is receiving a real-time media stream in a packet-
switched format, is connectable to it. Therefore, the apparatus
can be used directly for switching real-time media streams in
a corresponding packet-switched environment, e.g. in an IP-
based network.

It is preferred that at least one source port comprises a
source port converter, which is adapted to convert a real-time
media stream of a source connected to the source port from a
serial format into the packet-switching format. Furthermore it
is preferred that at least one sink port comprises a sink port
converter which is adapted to convert a real-time media
stream for a sink connected to the sink port from the packet-
switched format into a serial format. Therefore, real-time
media streams of sources and/or for sinks that only support a
serial format, e.g. a SDI format, can be switched with the
apparatus.

Itis preferred that the apparatus is adapted so as to forward
areal-time media of one of the one or multiple source ports in
a packet-switched format, wherein the packets feature a sec-
ond multi-point destination address which allows for a con-
necting of the one or multiple sinks with the real-time media
stream forwarded by the one of the one or multiple source
ports.

Furthermore it is preferred that the packet-switched format
comprises a format according to the Internet Protocol and the
first multi-point destination address is an IP multicast desti-
nation address, i.e. a multicast destination address according
to the IP multicast protocol. This protocol or protocols
respectively are widely spread in the area of recent computer
network technology and are particularly suited to be used for
implementation of the switching functionality of the appara-
tus.

According to another aspect of the present invention a
method for switching real-time media streams of one or mul-
tiple sources to one or multiple sinks is provided, wherein the
method comprises:

connecting of the one or multiple sources to one or multiple

source ports.

connecting of the one or multiple sinks to one or multiple

sink ports,

providing ofa switching sink and switching it to areal-time

media stream of a first source,
receiving of the real-time media stream of'the first source in
a packet-switched format at the switching sink,

forwarding of the received real-time media stream in the
packet-switched format by the switching sink, wherein
the packets are provided with a first multi-point destina-
tion address allocated to the switching sink during for-
warding,

connecting of the one or multiple sinks with the real-time

media stream of the first source forwarded by the switch-
ing sink.

According to another aspect of the present invention a
computer program for switching of real-time media streams
of'one or multiple sources to one or multiple sinks is provided,
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wherein the computer program comprises program code
means which result in an apparatus according to claim 1
executing the steps of the method according to claim 14 when
the computer program is run on a computer which controls the
apparatus.

It is pointed out that the apparatus for switching real-time
media streams of one or multiple sources to one or multiple
sinks according to claim 1, the method for switching real-time
media streams of one or multiple sources to one or multiple
sinks according to claim 14 as well as the corresponding
computer program according to claim 15 can have similar
and/or identical preferred embodiments, particularly as
defined in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following embodiments of the invention are
described with reference to the subsequent figures, wherein

FIG. 1 shows a schematic and exemplary embodiment of
an apparatus for switching real-time media streams of one or
multiple sources to one or multiple sinks in a first switching
status,

FIG. 2 shows a schematic and exemplary embodiment of
an apparatus for switching real-time media streams of one or
multiple sources to one or multiple sinks during a switching
process,

FIG. 3. shows a schematic and exemplary embodiment of
an apparatus for switching real-time media streams of one or
multiple sources to one or multiple sinks in a second switch-
ing status, and

FIG. 4 shows a schematic flow diagram of an embodiment
of'a method for switching real-time media streams of one or
multiple sources to one or multiple sinks.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the description and in the figures the same or correspon-
dent components respectively are denoted by the same refer-
ence numerals in order of avoiding repetition, in so far as no
further differentiation is necessary or reasonable.

FIG. 1 shows a schematic and exemplary embodiment of
an apparatus 1 for switching real-time media streams of one
or multiple sources Q,, Q,, Q5 to one or multiple sinks S|, S,,
S, in a first switching status.

As sources Q,, Q,, Q, here three television cameras are
provided exemplarily, which are connected to the corre-
sponding source ports QA |, QA,, QA; of theapparatus 1, and
assinks S|, S,, S; two monitors and a digital editing suite are
provided, which are connected to the corresponding sink
ports SA,, SA,, SA; of the apparatus 1.

Both cameras Q, and Q; are connected to the correspond-
ing source ports QA and QA of the apparatus 1 by Ethernet
cables 2 in this embodiment, and create digital video streams
directly in a packet-switched format, here in a packet-
switched format according to standard SMPTE 2022-6
(henceforth also called “SDI over IP” format for short). The
“SDI over IP” format is based on a layer model, in which
provided digital video streams in a SDI format are transmitted
in IP packets (English “Internet Protocol”), wherein in addi-
tion to the protocol layers UDP (English “User Datagram
Protocol”) and RTP (English “Real-Time Transport Proto-
col”) further information for timing, encryption, etc, are pro-
vided. It also comprises with the so-called “Video Payload
Identifier” (VPID), a standard SMPTE 352M (English title
“Television—Video Payload Identification for Digital Tele-
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6

vision Interfaces”) defined identifier, identification data that
identify the media format of the transmitted digital video
stream.

The camera Q, is connected to the corresponding source
port QA, of the apparatus 1 by a coaxial cable 3 and creates a
digital video stream in a serial format, in this case a SDI
format; which is converted into the “SDI over IP” format by
a source port converter 4 comprised in the source port QA,.

Apparatus 1 is adapted so as to forward internally the
digital video streams created by the sources Q,, Q,, Q;, here
the three television cameras, from the corresponding source
ports QA,, QA,, QA; in the “SDI over IP” format.

The monitor S, and the digital editing suite S; are also
connected to the corresponding sink ports SA, and SA; of the
apparatus 1 by Ethernet cables 2 and adapted so as to receive
digital video streams directly in the “SDI over I[P” format. The
monitor S, is connected to the corresponding sink port SA | of
the apparatus 1 by a coaxial cable 3 and adapted so as to
receive a digital video stream in a serial SDI format. The sink
port SA, comprises a sink port converter 5 which is adapted so
asto convert a digital video stream forwarded in the apparatus
1 to the sink port SA, from the “SDI over IP” format into the
serial SDI format.

The packets of the “SDI over IP” format of the digital video
streams created in the apparatus 1 for forwarding by the
sources Q,, Q,, Q;, here the three television cameras, feature
amulti-point destination address respectively, in this embodi-
ment an [P multicast destination address, which is preferably
distinctively configurable for each of the digital video
streams. Therefore, the cameras Q, and Q; in this embodi-
ment, e.g., can be configured such that they create the packets
with an adjustable IP multicast destination address, when
they create digital video streams directly in the “SDI over IP”
format. In the case of the camera Q,, which creates a digital
video stream in a SDI format, the convertion to the “SDI over
IP” format occurs first in the source port converter 4 com-
prised in the source port QA,; which can be configured as
well such that it creates the packets of the “SDI over IP”
format with an adjustable IP multicast destination address.
For further explanation it is assumed that the cameras Q, und
Q; in the example shown in FIG. 1 are configured such that
they create packets with the IP multicast destination
addresses IPMZ, and IPMZ;, while the source port converter
4 is configured such that it creates packets with the IP multi-
cast destination address IPMZ,.

The IP multicast destination addresses allow for a connect-
ing of the sinks S;, S,, S;, here the two monitors and the
editing suite, with the digital video streams forwarded in the
“SDI over IP” format by the source ports QA |, QA,, QA,. For
this the apparatus 1 supports a multicast protocol, in this
embodiment the IP multicast protocol, as well as correspond-
ing control protocols, like, e.g., the so-called “Internet Group
Management Protocol” (IGMP), a network protocol of the
Internet protocol family which serves for the organization of
IP multicast groups. With the help of corresponding IGMP
messages the monitor S, and the digital editing suite S; can
thus signalize to the apparatus 1 that they want to receive
“digital video streams with a porticular IP multicast address”.
In words of the network jargon: The monitor S, and the digital
editing suite S, can signalize to the apparatus 1 with the help
of corresponding IGMP messages that they want to join a
particular IP multicast group, i.e. that they want to receive
packets of the digital video streams forwarded by the source
ports QA,, QA,, QA; in the “SDI over IP” format with a
particular IP multicast address, here, e.g., IPMZ,. In case of
monitor S;, which is adapted to receive a digital video stream
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in a serial SDI format, the joining of a particular IP multicast
group can occur via the sink port converter 5 comprised in the
sink port SA;.

In the example shown in FIG. 1 the digital editing suite S,
of the apparatus 1 signalizes with the help of corresponding
IGMP messages that it wants to receive the digital video
streams with the IP multicast destination addresses IPMZ |,
IPMZ, und IPMZ;, i.e. that it wants to receive the digital
video streams of all three source ports QA,, QA,, QA;; which
are therefore forwarded be the apparatus 1 to the sink port
SA; (visualized as the solid connective lines in the figure).
The sink port converter 5 signalizes here to the apparatus 1
with the help of corresponding IGMP messages that it wants
to receive the digital video stream with the IP multicast des-
tination address IPMZ,,, i.e. that it wants to receive the digital
video stream from the source port QA,; which is therefore
forwarded from the apparatus 1 to the sink port SA, (visual-
ized as the solid connective lines in the figure).

The functionality of the apparatus 1 described so far cor-
responds basically with the functionality of already available
1P multicast routers which correspondently distribute [P mul-
ticast streams with the help of standard network protocols
such as IGMP or the so-called “Internet Control Message
Protocol for the Internet Protocol Version 6” (ICMPv6). Here
it is generally also possible to switch the sinks S, S,, S5, here
the two monitors and the editing suite, between the different
digital video streams during “current operations”, i.e. while
the sources Q,, Q,, Q,, here the three television cameras,
create digital video streams and feed them into the apparatus
1. However, this does not allow for a transparent switching,
i.e. it is not possible to ensure that the respective switching
occurs between two subsequent access units respectively, i.e.,
e.g., for digital video streams between tow chronologically
sequent frames. Therefore, the previously described multi-
cast routing functionality is rather suitable for setting a
“fixed” configuration, i.e. setting a fixed allocation of sources
Q,, Q,, Qs to sinks S, S,, S; before initiation of “current
operations”.

In order to allow, in contrast, also for a transparent switch-
ing, the apparatus 1 therefore provides an “intern” switching
sink S;, S,, S5, which can be switched between the digital
video streams of the sources Q,, Q,, Q; in order to receive
them at the switching sink S; respectively. In the example
shown in FIG. 1 the switching sink S is first switched to the
digital video stream of the camera Q, (visualized in the figure
as the dashed line), so that it is received at the switching sink
S in the “SDI over IP” format. This switching process is also
based in this embodiment on the IP multicast protocol
described above, i.e. the switching sink joins an IP multicast
group with a porticular IP multicast destination address, here
IPMZ,, after a signalization by corresponding IGMP mes-
sages. The active switching status of the switching sink Sg,
here “switched to the digital video stream with the IP multi-
cast address IPMZ,” can be represented in the apparatus 1 as,
e.g., inthe form of a corresponding switching table or the like
(not shown).

The switching sink Sy is now adapted to forward the
received digital video stream in a packet-switched format,
here correspondingly the “SDI over IP format” as well,
wherein the packets are provided with a multi-point destina-
tion address allocated to the switching sink S, in this embodi-
ment also an IP multicast destination address, which is pref-
erably unambiguously configurable. In the example shown on
FIG. 1 itis for further explanation assumed that the packets of
the “SDI over IP” format forwarded by the sink S; are pro-
vided with the IP multicast destination address IPMZ;. This
address is different from the IP multicast destination
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addresses IPMZ,, IPMZ, and IPMZ, (see above), i.e. it is
unambiguous within the apparatus 1.

The IP multicast destination address (here IPMZ) allo-
cated to the switching sink S allows for a connection of the
sinks S|, S,, S, here the two monitors and the editing suite,
with the digital video stream forwarded by the switching sink
Ssin the “SDI over IP” format. In other words: The switching
sink S represents a (within the apparatus 1 unambiguous) IP
multicast source from the two monitors” S, and S, and the
digital editing suite’s S; “point of view”. The connecting of
the sinks S|, S,, S; with the switching sink S as “source”
occurs, e.g., as described above with the help of correspond-
ing IGMP messages as well. In the example shown in FIG. 1
the monitor S, of the apparatus 1 signalizes with the help of
corresponding IGMP messages that it wants to receive the
digital video stream with the IP multicast destination address
IPMZ; i.e. that it wants to receive the digital video stream
forwarded by the switching sink S, here the digital video
stream of the camera Q,: which is thus forwarded by the
apparatus 1 to the sink port SA, (visualized as the solid
connective line in the figure).

The use of the switching sink/source S is advantageous to
the previously described “direct” switching ofthe sources Q,,
Q,, Q5 tothesinks S,, S,, S; in so far as the switching process
can easily be transparently implemented in the apparatus 1.
This is explained in greater detail in the following with ref-
erence to FIG. 2, which shows schematically and exemplary
an embodiment of the apparatus 1 for switching real-time
media streams of one or multiple sources Q,, Q,, Q5 to one or
multiple sinks S|, S,, S; during a switching process.

In order to initiate the switching process the apparatus 1
supports a suitable control protocol such as, e.g., the so-called
“Simple Network Management Protocol” (SNMP), a net-
work protocol of the internet protocol family used for the
management of devices connected to an IP network. With the
help of corresponding SNMP messages, e.g. the monitor S, or
the digital editing suite S;, can then signalize to the apparatus
1 that the switching sink S is to be switched from a digital
video stream of'a first source, e.g. the camera Q |, to the digital
video stream of a second source, e.g. the camera Q,. In the
example shown in FIG. 2 the switching process is initiated by
the digital editing suite S; with the help of a corresponding
SNMP message.

The switching process, i.e. the switching of the switching
sink Sg, is based in turn on the IP multicast protocol as
described above in this embodiment, however, it is imple-
mented in the apparatus 1 such that it occurs transparently, i.e.
it is ensured that the switching occurs between two chrono-
logically sequent access units, i.e., e.g., with digital video
streams between two chronologically sequent frames. There-
fore the further apparatus 1 comprises a buffer 6, here shown
as port of the switching sink S, in which data of the digital
video stream of the first source (to which the switching sink
Sshas been switched to until now), in this example the digital
video stream of the camera Q,, and/or data of the digital video
stream of the second source (to which the switching sink Ssis
to be switched to), in this case the digital video stream of the
camera QQ,, can be buffered during the switching process. For
transparent switching the forwarding of the digital video
stream of the first source, here of the camera Q,, is then
terminated by the switching sink S at a first switching point
predetermined for this video stream or within a first switching
range predetermined for this video stream respectively, and
the forwarding of the digital video stream of the second
source, here the camera Q1, is initiated by the switching sink
S at a second switching point predetermined for this video
stream or within a second switching range predetermined for
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this video stream respectively. Here data of both digital video
streams are in the buffer 6 for a short period of time due to the
not given synchronicity of the IP and possibly to the phase
shifting between the two digital video streams (visualized in
the figure as the dashed lines).

The switching points or switching ranges respectively pre-
determined for the transparent switching depend on the media
format of the respective stream. For the “SDI over IP” format,
e.g., those are set on the “SDI level” in the previously men-
tioned guideline SMTPE RP 168 (English title “Definition of
Vertical Interval Switching Point for Synchronous Video
Switching”).

In this embodiment the apparatus 1 identifies the media
format (e.g. the SDI format 720p @ 1.485 Gbit/s) of a digital
video stream based on the “Video Payload Identifier” (VPID)
transmitted in the packets of the “SDI over IP” format. The
predetermined switching point or switching range respec-
tively for a digital video stream of the identified media format
can be stored in the apparatus 1 in a table or the like, e.g. For
switching digital video streams in the “SDI over IP” format
the pre-determined switching points or switching ranges
respectively of both video streams have then to be identified
in the corresponding packets first. This can occur, e.g. by the
way that for each of the two digital video streams the next
packet is first searched in which the so-called “RTP Marker
Bit” is set. This bit indicates that the corresponding packet
contains the end of a frame. Due to the knowledge of the SDI
format, e.g. 720p @ 1.485 Gbit/s, identified by the “Video
Payload Identifier” (VPID), and the switching point or
switching range respectively predetermined for this media
format, as well as the knowledge of the number of payload
data bits (video stream bits) that can be transmitted per
packet, e.g. the packet containing the switching point can then
be determined in each of the two digital video streams and a
transparent switching can thus be realized. Alternatively the
packets containing the switching points or the packets within
the switching range respectively, could also be marked
directly with the help of so-called “Extension Header”, so that
the apparatus 1 merely has to search for packets with those
Headers. The active switching status of the switching sink S,
here “switch from the digital video stream with the IP multi-
cast address IMPZ, to the digital video stream with the IP
multicast address IMPZ,” can be represented in the apparatus
1 e.g. in the form of a corresponding switching table or the
like (not shown).

During a switch request packets of the digital video stream
are forwarded by the switching sink S; as long as e.g. the
predetermined switching point is reached. In case the switch-
ing point is located between two packets the packets are
forwarded from the second source by the switching sink S¢
after the switching point. In case the switching point cannot
be set between two packets it has to be switched within a
packet. Therefore a new packet is created which contains data
of'the first source up until the switching point and data of the
second source after the switching point, and which is for-
warded instead of the packet with the switching point by the
switching sink Sg. It is preferred to provide a buffer of at least
the length of one frame (English “videoframe™) for each
digital video stream of one source in order to allow for a
minimal reaction time.

Due to the switching behavior described above, the data
stream is flawless on the “SDI level”, but the packet oriented
protocols (esp. RTP and HBRMT) can contain continuity
errors in sequence numbers and time stamps. Therefore, it is
preferred that the data stream in the switching sink Sg is
adapted in all protocol levels which feature corresponding
data. Here, e.g., an offset can be used for each affected pro-
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tocol field, which is adapted correspondingly during each
switch request to the difference between the sources to be
switched.

FIG. 3 shows schematically and exemplary an embodiment
of the apparatus 1 for switching real-time media streams of
one or multiple sources Q,, Q,, Q5 to one or multiple sinks S,
S,, S, in a second switching status, here after the switching
process explained with reference to FIG. 2. The figure shows
that the switching sink S in this status is now switched to the
digital video stream of the camera Q, (visualized in the figure
as the dashed line), so that it is received at the switching sink
Ssinthe “SDI over IP” format and forwarded by the apparatus
1 to the sink port SA,. The active switching status of the
switching sink S, here “switched to the digital video stream
with the IP multicast address IMPZ,”, can be represented in
the apparatus 1 e.g. in the form of a corresponding switching
table or the like (not shown).

FIG. 4 shows schematically a flow diagram of an embodi-
ment of a method for switching real-time media streams of
one or multiple sources Q,, Q,, Q5 to one or multiple sinks S,
S,,8;. The method can be accomplished, e.g., by means of the
apparatus 1 as described above with reference to the FIGS. 1
to 3.

In step 101 one or multiple sources Q,, Q,, Q5 are con-
nected to one or multiple source ports QA,;, QA,, QA;.

In step 102 one or multiple sinks S|, S,, S; are connected to
one or multiple sink ports SA |, SA,, SA;.

In step 103 a switching sink S is provided and switched to
a real-time media stream of a first source Q.

In step 104 the real-time media stream of the first source Q,
is received at the switching sink Sg in a packet-switched
format.

In step 105 the received real-time media stream is for-
warded in the packet switched format by the switching sink
S, wherein the packets are provided with a first multi-point
address IPMZ allocated to the switching sink S.

In step 106 the one or multiple sinks S, are connected to the
real-time media stream of the first source Q, forwarded by the
switching sink Sg.

It should be noted that the above mentioned process steps
are not necessarily conducted in that order. For instance, the
one or multiple sinks S|, S,, S; can be connected to one or
multiple sink ports SA,;, SA,, SA; (step 102) before the one or
multiple sources Q,, Q,, Q; are connected to one or multiple
source ports QA |, QA,, QA; (step 101).

While the embodiments as described above mainly regard
switching of digital video streams in the “SDI over IP” format
(optionally with embedded time code and/or audio streams)
the apparatus 1 can also be adapted so as to switch other kinds
of real-time media streams, e.g. digital audio streams, com-
pressed video formats such as JPEG2000 or container for-
mats such as MXF, in a packet-switched format. The switch-
ing points switching ranges respectively predetermined for
these media formats can also be stored in a table or the like in
the apparatus 1 and the identification of the respective media
format can occur, e.g. by suitable identification data, i.e.
analogously to the “Video Payload Identifier” (VPID)
described above. Furthermore, the apparatus 1 can be further
adapted to be extendable by the input of switching rules
which state the switching point or switching range respec-
tively for a real-time media stream of a given media format
that is previously not supported from the apparatus 1.

Inthe embodiments mentioned above a switching sink S.is
provided by the apparatus 1. In order to be able to switch any
number of sources with a maximum of flexibility transpar-
ently to any number of sinks, the apparatus 1 may also provide
multiple switching sinks
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It should be noted that the physical ports of the apparatus 1
do not necessarily function exclusively as a source port or
exclusively as a sink port. Instead it is possible to use a single
physical port as both a source port and a sink port depending
on whether a source or a sink is connected to it. Particularly
for those ports that are connected to either a source, which
transmits a real-time media stream in a packet-switched for-
mat, or a sink, which receives a real-time media stream in a
packet-switched format, it is possible that the port serves as a
source port and a sink port at the same time (e.g. in case the
device connected at it functions as a source and a sink at the
same time).

The words “feature” and “comprise” do not exclude other
elements or steps, and the indefinite article “a/an” does not
exclude a plural.

A single unit or device can conduct the functions of mul-
tiple elements, which are specified in the claims.

The fact that single functions and/or elements are specified
in different independent claims does not mean that a combi-
nation of said functions and/or elements could not be used
advantageously.

The reference numerals in the claims are not to be under-
stood in a way that the subject matter and scope of protection
of the claims are restricted by these reference numerals.

The invention claimed is:

1. An apparatus for switching real-time media streams of
one or multiple sources to one or multiple sinks, wherein the
apparatus comprises:

one or multiple source ports for connecting one or multiple

sources,

one or multiple sink ports for connecting the one or mul-

tiple sinks,

wherein the apparatus is adapted so as to provide a switch-

ing sink and to switch it to a real-time media stream of a
first source,

wherein the switching sink is adapted so as to receive the

real-time media stream of the first source in a packet-
switched format having a first multi-point destination
address and to forward the received real-time media
stream in a packet-switched format, wherein the packets
are provided with a second multi-point destination
address allocated to the switching sink during forward-
ing, in order to allow for a connection of the one or
multiple sinks with the real-time media stream of the
first source forwarded by the switching sink,

wherein the apparatus is further adapted so as to switch the

switching sink from a real-time media stream of a first
source to a real-time media stream of a second source so
that then the real-time media stream of the second source
is received at the switching sink,

wherein the apparatus is further adapted so as to terminate,

during the switching of the switching sink from the
real-time media stream of the first source to the real-time
media stream of the second source, the forwarding of the
real-time media stream of the first source by the switch-
ing sink at a first switching point predetermined for this
real-time media stream or within a first switching range
predetermined for this real-time media stream, and to
initiate the forwarding of the real-time media stream of
the second source by the switching sink at a second
switching point predetermined for this real time media
stream or within a second switching range predeter-
mined for this real time media stream, and

wherein the first and/or the second switching point or the

first and/or second switching range are dependent on a
media format of the respective real-time media stream.
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2. The apparatus according to claim 1, wherein the appa-
ratus further comprises a buffer and is adapted so as to buffer
the data of the real-time media stream of the first source
and/or data of the real-time media stream of the second source
in the buffer during the switching of the switching sink from
the real-time media stream of the first source to the real-time
media stream of the second source.

3. The apparatus according to claim 1, wherein the appa-
ratus is further adapted to identify the media format of the
respective real-time media stream based on identification data
in the real-time media stream.

4. The apparatus according to claim 1, wherein the appa-
ratus is further adapted to be extendable by the input of
switching rules which state the switching point or switching
range for a real-time media stream of a given media format.

5. The apparatus according to claim 1, wherein at least one
source port is adapted so that a source is connectable to it
which transmits a real-time media stream in a packet-
switched format.

6. The apparatus according to claim 1, wherein at least one
sink connection is adapted so that a sink is connectable to it
which receives a real-time media stream in a packet-switched
format.

7. The apparatus according to claim 1, wherein at least one
source port comprises a source port converter which is
adapted to convert a real-time media stream of a source con-
nected to the source port from a serial format into the packet-
switched format.

8. The apparatus according to claim 1, wherein at least one
sink port comprises a sink port converter which is adapted to
convert a real-time media stream for a sink connected to the
sink port from the packet-switched format into a serial for-
mat.

9. The apparatus according to claim 1, wherein the appa-
ratus is adapted so as to forward a real-time media stream in
a packet-switched format from one of the one or multiple
source ports, wherein the packets comprise a second multi-
point destination address which allows for a connecting of the
one or multiple sinks with the real-time media stream for-
warded by the one of the one or multiple sources.

10. The apparatus according to claim 1, wherein the
packet-switched format comprises a format according to the
Internet Protocol and the first multi-point destination address
is an IP multicast destination address.

11. A method for switching real-time media streams of one
or multiple sources to one or multiple sinks, wherein the
method comprises:

connecting of the one or multiple sources to one or multiple

source ports,

connecting of the one or multiple sinks to one or multiple

sink ports,

providing of a switching sink and its switching to a real-

time media stream of a first source,
receiving of the real-time media stream from the first
source in a packet-switched format having a first multi-
point destination address at the switching sink,

forwarding of the received real-time media stream in the
packet-switched format by the switching sink, wherein
the packets are provided with a second multipoint des-
tination address allocated to the switching sink during
forwarding,

connecting of the one or multiple sinks with the real-time

media stream of the first source forwarded by the switch-
ing sink,

switching the switching sink from said real-time media

stream of said first source to a real-time media stream of
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a second source so that then the real-time media stream
of said second source is received at the switching sink,
terminating, during the switching of the switching sink
from the real-time media stream of the first source to the
real-time media stream of the second source, the for- 5
warding of the real-time media stream of the first source
by the switching sink at a first switching point predeter-
mined for this real-time media stream or within a first
switching range predetermined for this real-time media
stream, and initiating the forwarding of the real-time 10
media stream of the second source by the switching sink
at a second switching point predetermined for this real
time media stream or within a second switching range
predetermined for this real time media stream,
wherein the first and/or the second switching point or the 15
first and/or second switching range are dependent on a
media format of the respective real-time media stream.
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